PHENIX at the MEIC?



LEGEND

. Existing Buildings
‘ New Buildings
‘ Renovated Buildings

‘ MEIC Project - Underground

. MEIC Project - Above ground

O Existing Ponds
. Future Ponds
O Parking & Roadways

Utility Projects

~2.2 km circumference

Electron ring from SLAC
(PEP-II)

2 interaction regions

12 GeV CEBAF used as
injector

Fixed target
infrastructure (including
detectors) would remain



MEIC-IP1 interaction region

top view
low-Q? electron detection ( p ) P far forward FP
and Compton polarimeter hadron detection n,y
e large-aperture | ion quads ~60 mrad bend =
lect ds | : — —_— =
mﬂ:}z <«—— elec roln quads | - J— _-__,—-—‘f_t 4 4 yy
small-diameter :
50 mrad beam electron quads )
P (crab) crossing angle . . .
central detector Thin exit Fixed Roman pots

windows trackers

MEIC
Collider

1 m lon quadrupoles

Elgctron quadrupoles

/

Trackers and “donut” calorimeter

Intermediate dipole useful for
tracking small-angle particles
that do not pass through the
FFQs, but perhaps only needed
at one IP.

Electron Injector

12 GeV CEBAF

HallsA, B, C



ePNENIX dropped into IP1

\ ® Not ideal since forward HCAL

not compatible with first dipole
Compton polarimeter \ k .

and Low-Q2 tagger ® Could work for sPHENIX with
chicane (~25 m) \ a different endcap design
e ButIP2 can be
\\ optimized as

MEIC
Collider

desired!

Electron Injector

12 GeV CEBAF

Forward ion detection \
Halls A, B, C




MEIC-IP1 and ePHENIX detectors

MEIC-IP1 detector ® The central detector concepts
developed at JLab (MEIC-IP1)

“~__dual-solenoid in common cryostat = and BNL (ePH Ele) are
= B 4 m inner coil R % 2 .
g B - TR ER :: generally similar, but offer
s 1 B barrel PIRCHTOF—= | Zsorogel | 2 I complementary capabilities
= \ GEM/micromega I__+ CF, ’ o .
|« || central and oradiH = - 4 — Central tracker technologies
- lB ; — Endcap Cherenkov detectors
c —
o ;..g g — HCal location and coverage
NS 3 — Forward dipole in front of FFQs
1 O
e MEIC-IP1 detector
- —  Focus: SIDIS and exclusive
| (approximately to scale) | _ Forward HCal optional
. n=+1-7 , : .
i integrated with dipole?)
R (am) /' 2 ( (
SPHENIX detector h o — Lots of space for PID
=17 |
NG by ® ePHENIX
, ® z<45m H _ 1
owc] | N /U —  Focus on jet-physics
| e - Good HCal coverage
, _,[A> | '.<}3 -'F‘?‘;}i_ ..... '\(\"_.3.“: - No intermediate tracker
' 2 (em) GEMs GEMs . GEM _:1 G‘Elw 2 {cm) N\ [gl "ME]EW —  Asymmetric endcaps

22 m Z>i0m

possible/desirable?



MEIC-IP1 and ePHENIX detectors

MEIC-IP1 detector e The MEIC-IP1 detector is designed

around an identical solenoid as
SPHENIX (4 m long, 3 m diameter)

— CLEO solenoid or new magnet

""‘*---,.._.__dual-solenoid in common cryostat
- 4 m inner coil

TOF

ZRICH |
: zaerogel |
\ GEM/micromega ““* CF, ]
|| central and forwa?d —=1 :

= @ The IP location is doubly asymmetric
= | — Inside the coil (1.6 m + 2.4 m)

EM calorimeter — Endcaps (1.4 m and 2.6 m)

' _ — HCal could go outside of forward ion

dipole (first ion FFQ is 7 m from IP)

Forward
dipole

barrel DIRC + TOF

Coil wall
EMcal
renkov/-
/! Hep ¥
EM calorimeter

3m

mKC
e

|
h
A
\

Y
(4]
c
=
+
S
(<]
=]
=]
o
"

Coil wall

»
» N

3m 5m

A

® Luminosity scales linearly with total

I (approximately to scale) I distance between ion FFQs — but the

, n=+#1-7 _
~ IP does not have to be in the middle!
R(am) ePHENIX detector || Ricm)
\ ) e ePHENIX at eRHIC has a doubly
n=11% 4 neal | | symmetric location
B ' s —zsasm — IP in the middle of coil (2+2 m)
Wl : RICH ) Outgaing — Both FFQs are located 4.5 m away
I A laad =AY Y)  beam :
. LPL‘§> S S S "(}3 - L Easy to keep former but adjust latter!
z{cm) GEMs  GEMs GEM SEM GEM z(cm)  mc somanres

o e — Suggestion: use 4 + 5 m distance!
— More space for ion-side encap!



Coil wall

3m

l
h
A
i
|.I

S
]
c
=
+
S
]
it
=]
5]
'

EMcal

""‘“--A.___"dual-solenoid in common cryostat

Endcap PID

4 m inner coil — / ;
ZRICH
barrel-DIRC-+TOF 7 i

EM calorimeter
Forward
dipole

Coil wall

r (m)

OO

z (m)

The initial stage of the MEIC will not
post-accelerate electrons from
CEBAF giving a 12 GeV max energy.

A relatively inexpensive threshold
Cherenkov can provide 11/K
separation up to 9 GeV on the
electron endcap.

— Would also work at eRHIC

EM calorimetry in electron endcap
follows the proved formula from CLAS
with an inner crystal calorimeter and a
cheaper outer one.

More space on the ion side allows for
a dual-radiator RICH, conceptually
similar to the one at LHCb, with mirrors
in the shadow of the barrel detectors.



B (m), By (m)

ePHENIX@IP2 ion optics

Upstream Downstream
lon FFQs FFQs
— 4m 5m
<><—>
X
gug w Qg U
2000. q——————— — 0.0
1800. - B R - -0.1
1600. 4 L -0.2
1400. - - -0.3
1200. A - -0.4
1000. A - -0.5
800. - L -0.6
600. - - -0.7
400. - - -0.8
200. - - -0.9
0.0 ————— + -7.0
0.0 10. 20. |p 30. 40. 50. 60.
s (m)
® Crossing angle: can be up to 50 mrad

Luminosity is
proportional to the
total distance
between FFQs

D (m)

FFQ gradients are
proportional to the
1/distance to the IP

FFQ peak fields are
gradient x aperture
— Large aperture

only needed
downstream

Asymmetric
endcaps generally
make life a little
easier...



B (m), By (m)

ePHENIX@IP2 electron optics

Downstream 4m central Upstream
FFQs solenoid FFQs
.
2m 2m +—
[] X [
U u P U
500. . — . . 1.0 -
) 1), [ <
450. 4 B & - 0.9 g
L o.s =
- 3
- 0.7
[ 0.6 ® Smallelectron
- FFQs can be
- 0.5 placed in the
L 0.4 endcaps
i 0.3 e Outer FFQ
L 0.2 dimensions are
- 0.7 small, only ~7 cm
e (see next slide)
0.0 0.0

0.0 2. 4. 6. 8 10.

s (m)

IP

712. 14.



0.07

0.065

0.06

0.055

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

-0.005 |

Small-diameter electron quad

NbTi Rutherford cable
50 T/m @ short sample limit

Fringe field ¥40 G @ 10 cm
7 Multipoles @2cm
2
e _.TIITbs
( ‘% - b9
-8
0 10 20 30 40 50 60
gradient (T/m)
=)
(l) O.IO2 0.104 0.66 0.68 Ofl
1. Could use MgB, windings ~same gradient, operating at 10K.
10

2. Could incorporate an active shield winding to kill fringe field @ e-beam



Electron polarimetry

» Experience from HERA: uncertainty > 1%
_ Limited to detection of Compton photon only
_ Accelerator limitations (non-colliding bunches)

® Experience from JLab and SLAC

—  SLD at SLAC reached 0.5% detecting the Compton electron

_ Compton polarimeters in Halls A and C at JLab reach ~1%
detecting both the photon and the electron for cross check

Laser at Chicane center ensures that polarization is identical to IP

Electron
Detector

Fabry-Perot
Optical Cavity

Backscattered
Photons

11



Polarimetry options at the two IPs

~25m
< > e pumem e L1
Compton polarimeter and low-Q? tagger in GEANT
Compton photon v Low-Q? tagger for
calorimeter

low-energy electrons

- L N v

Low-Q? tagger for high-
energy electrons

Compton electron Luminosity

e beam to \%\ tracking detector - e beam
spin rotator ¥ ] monitor from IP
< Compton- and low-Q? electrons

are kinematically separated!

« One IP (which one?) will have larger version of the JLab Compton chicane
— Detection of both electron and photon, the latter with low synchrotron background

e Second IP will have a similar chicane optimized for electron detection

— Goal is to push the uncertainty of the polarimeter towards what SLAC achieved
12



